
Litmus lactose gelatin plates were kept three days at room
temperature, then »examined and counted. Lilian.---laeiose-agar
plates were incubated at 37 C. for twenty-four hours before
»examination. Blood-agar plates were kept three days at
37 C. under anaerobic conditions, secured by passing hydrogen
through Now jars containing the plate »cultures, then extract¬
ing the last traces of oxygen with pyrogallie acid and sodium
hydrate.

Examinations at the end of three days were made and
especial attention paid to bemolytic powers of the developing
colonies. Oval colonies surrounded by distinct bemolyt ic zones

developing from spores in blood-agar corresponded mor¬
phologically and culturally with /,'. aerogehes capsulatus or H.
perfringens. Subcultures were made from typical colonies in
each stool and furl her study of these confirmed the first
impression that the large majority were II. uermjenes cap¬
sulatus.

Another paper, purely bactériologie in nature, dealing
with all the varieties of spore-forming anaerobic bacteria
that have been found, may be published later, and for
this reason only such points arc mentioned in Ibis article
as bear on the clinical aspects of the relationship bel ween
joints and gastro-intestinal disorders.

Tt should be stated in summarizing that in a consid¬
erable proportion of intestinal cases improvement or
cure may be effected; that the Dumber is increasing as
our knowledge of conditions and skill in applying simpleremedies becomes extended, and thai insistence should
be made on early treatment before destructive changeshave gone on that are beyond repair.

In conclusion I wish to acknowledge my indebtedness
for clinical material to Drs. K. (¡. Hraekett, »Joel E.
Goldthwait, Robert B. Osgood and Charles F. Painter,
who have generously contributed private patients, and
permitted the use of the orthopedic clinics of the Mass¬
achusetts (¡encrai Hospital and Carney Hospital; also
to Dr. Theobald Smith for valuable suggestions con¬

cerning bactériologie methods.
8 Marlborough Street.

AN ACCURATE FORMULA FOR USE IN
THE MODIFICATION OF COW'S MILK

IN THE ARTIFICIAL FEEDING
OF INFANTS

GEORGE REILY MOFFITT, M.D.
HARRISBURG, PA.

If the composition of milk from any source is defi-
nitely known, and known to be constant, a mathematic-
ally accurate formula may be devised by which artificial
mixtures of any desired strength of fat, carbohydrates,
and proteins may be compounded. The construction of
such formulas is a somewhat long and tedious algebraic
process, and when completed they are so complex that
the compounding of milk mixtures by their use requires
too much time and labor to be of service to the general
practitioner.

With this fact in view, after having devised a formula
based on 4 per cent. milk and 16 per cent. cream, I con-

structed a table of over 400 milk mixtures by ascertain-
ing according to the formula, the amounts of milk,
cream and milk-sugar required in compounding these
mixtures, so that mixtures may be made up merely by
reference to the table.

According to L. E. Holt1 the composition of averageherd milk is, fat 4 per cent., carbohydrates 4.50 per
cent., proteins 3.50 per cent., etc., and the composition

of what is known" as 1C per cent, cream is, fat Iß per
cent., carbohydrates 4.05 per cent., proteins 3.20 per
cent., etc.

The formula based on milk and cream of this com¬
position is calculated in the following manner:

»Suppo.se a represent the per cent, of fat, /) the per cent.-of
carbohydrates, und c the per cent,, of proteins in any artificial
mixture', that is, that which is commonly known as, for
»example, a 3-6-1 mixture (3 per cent, of fat, 0 per cent, of
Carbohydrates, and I per cent, of proteins) vvc term an tt-ti-t:
mixture. Now let x represent the per cent, of milk, y the per
cent, of cream, and z the per cent, of milk-sugar necessary »to
compound such a mixture. The diluent will then be equal to
100— ia>+y).

It is then obvious that
4x 10i/

•

-

+ -=8 or x-\-4y=25a ( 1 )
100 100
4.5x 4.05»/

and-1-\-z=b or 9Oj>+81i/+2,000ä=2,O006 (2)
100 100

3.5» 3.2i/
also-1-=c or 35a-+32iy=l,000c (3)

100 100

By »subtracting liquation 1 multiplied by 8 (Hx+32y=200a)
from Equation »'J we have

1,000c—200a
27ffl=l,000c—200a or x=-:-

27

By subtracting Equation 3 from liquation 1, multiplied by
35 (35a)+140i/=875«), we have

875o—1,000a
108y=875«—1,000c or y=-

108

By substituting these values of x and y in Equation 2 we
have

00 (1,000c—200a) 81 (875a—1,000c)
-:-1-f-2,000.z=2,000&

27 108
that is 40,000c—8,000a+7,875«—4,000e-|-24,000£=24,O006

0+1826—2480
or z=-

102

We then have I he values of x, y and * in terms of a, h and
c' that is to say, vvc have the per cent, of milk, cream and
milk-sugar necessary to make up an a-b-c mixture, and any
values whatever (of fat, carbohydrate and protein percentages).,
-iieli as ;i, li and 1 may he »substituted for «, b and 0,

Our formula then is

1,000c—200a
per cent, of milk=- (1)

27
875a—1,000o

per cent, of oresm—i- (2)
IDS
a+1926—248o

per cent, of inilk-sugnr=-(3)
192

To demonstrate the accuracy of the calculation in devising
this formula, suppose vvc desire a 4-4.5-3.8 mixture, ¿, c a

mixture containing 4 per cent, of fat, 4.5 per cent, of carbohy¬
drates and 3.5 per cent, of proteins. It will be seen that this
is cow's milk.

Substituting 3.5 for c and 4 for a in (1), we have

1,000X3.5—200X4 3,500.0—800 2,700
27 27 27

Substituting likewise in (2), we have
876X4—1,000X3.5 3,500—3,500.0

=100

-=0
108 1081. The Diseases of Infancy and Childhood.
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Substituting these values in (3), and also 4.5 for 6, we have
4+192X4.5—248X3.5 4+804.0—808.0
-=-=0

192 192

showing that, in compounding a 4-4.5-3.6 mixture, we take
100 parts milk, no cream, no sugar and no diluent.

Now suppose we desire a 10-4.05-3.2 mixture (cream).
Substituting I!.2 lor o and 10 for a in (1), we have

1,000X3.2—200 X 10 3,200.0—3,200
-—-=0

27 27
Substituting likewise in (2), we have

875X10—1,000X3.2 14,000—3,200.0 10,800
-=100

108 10« 108

Substituting these values in (3), and also 4.05 for 6, we have
10 +192 X 4.05—248 X 3.2 10+777.00—793.(1

=0
192 192

showing that, in compounding a 16-4.05-3.2 mixture, we take
100 parts of cream, no milk, no sugar and no diluent.

In making a table of various mixtures from this formula, I
have carried the calculations to a 0.1 per cent., i. e., to three
decimal places, which has shown results within 0.04 per cent,
of perfect accuracy in all mixtures in which 1 have calculated
ihe percentages of fat, carbohydrates and proteins from the
amounts of milk, cream and sugar used in compounding such
mixtures,

The following formula used in many hospitals, and I
believe the most accurate one now in general use, is
much less accurate than the preceding, especially in
regard lo the proioiii content:

lid-'—i') QXP
12 4

Q(CII-P) Q
- S=- LW=-

100 10
W=Q— (C+M+LW)

In this formula F represents the desired per cent, of
fat, CH the desired per cent, of carbohydrates, P the
desired per cent, of proteins, Q the quantity desired, C
the amount of cream required, M milk required, LW
lime water required and VÏ water required.

»Suppose vve desire, say 84 ounces of a 3-6-1 mixture.
By this formula we find that C = 4 ounces, M = 2
ounces and S = 1.8 oinn-es, i. e., the required amount
of cream is I ounces, milk 2 ounces and milk-sugar L.S
ounces. Now 4 ounces of cream contain 0.64 ounce of
f.ii and 2 ounces of milk contain 0.08 ounce of fat, i. e.,
in a '.'l-ouiiee mixture by this formula there are 0.78
ounce of fat,,exactly 3 per cent, (as desired) as seen by
dividing 78 by 24.

'

Now I ounces of cream contain 0.162 ounce of carbo¬
hydrates and 2 ounces of milk contain 0.0!) ounce of
carbohydrates and we add 1.8 ounces of sugar, malting
in all 1.452 ounces of carbohydrates in the 24-ounce
mixture or 6.05 per cent., as seen by dividing 1-15.2 by
84. Thus far the formula is quite accurate, the carbo¬
hydrates being inaccurate by only 0.05 of one per cent.
I'.ui I ounces of cream contain 0.128 ounce of proteins,
and 2 ounces of milk contain 0.07 ounce of proteins, i. e.,
S I ounces contain 0.198 ounce of proteins or 0.825 per
cent., as seen by dividing 19.8 by 24. Thus by this
formula the proteins in this particular mixture are
inaccurate by over 0.17 per cent.

By the table from the formula which I have described,
24 ounces of a 3-6-1 mixture require 3.5 ounces of milk,
and 3.6 ounces of cream and 1.13 ounces of milk-sugar.
Now 3.5 ounces of milk and 3.6 ounces of cream contain
0.716 ounce of fat, i. e., 2.98 per cent, of 24 ounces (inac¬
curate by but 0.02 per cent.) and 0.2377 ounce of pro¬
teins, i. e., 0.99+ per cent, of 24 ounces (within 0.01 per
cent, of absolute accuracy), and these amounts of milk
and cream plus the added sugar total in all 1.4333 ounces
of carbohydrates in the 24 ounce mixture of 5.97+ per
cent, (within 0.01! per cent.).

In calculating" the amounts of the ingredients in 2 1
ounces of a .3.25-6-1.25 mixture by the old formula we
arrive at an even more inaccurate result in regard to the
proteins, for C = 4 ounces, M = 3.5 ounces and S =

1.14 ounces, and in 24 ounces, 4 ounces of cream and
3.5 ounces of milk give 3.25 per cent, fat (accurate) and
1.04 per cent, of proteins (0.21 per cent, out of the
way), and these amounts of cream and milk with Ihe
added 1.14 ounces of milk-sugar give 6.08 per cent, of
carbohydrates (0.08 per cent, olí) practically a 3.25-6-1.
mixture instead of a 3.25-6-1.25.

By our table 24 ounces of a 3.25-6-1.25 mixture
require 5.328 ounces of milk, 3.528 ounces of cream and
1.056 ounces of milk-sugar, giving 3.24 per cent, of
fat. 5.97 per cent, of carbohydrates and 1.24 per cent,
of proteins.

The grealesl inaccuracy encountered in the old for¬
mula, and in our table as well, is the last mixture in the
table, viz., 5-7-3.50. By the old formula in a 84-ounce
mixture we have 3 ounces of cream, 18 ounces of milk
and 0.84 ounce of milk-sugar. These amounts in 2 I
ounces give 5 per cent, of fat (accurate), 7.38 per cent,
of carbohydrates (0.38 per cent, off) and 3.02 per cent.
of proteins (0.48 off), practically a 5-7-3 mixture
instead of a 5-7-3.50 mixture as far as the proteins are
concerned.

Hy our table we find in 24 ounces of a 5-7-3.50 mix¬
ture we require of milk 22.'08 ounces, cream 1.92 ounces
and milk-sugar 0.0 ounce. These amounts give of fat
4.96 per cent. (0.04 off), carbohydrates 6.96 per cent.
(0.04 off) and proteins 3.47 per cent, (but-0.03 oil).

Had the tables been carried out to one more decimal
place all calculations would have been within 0.01 per
cení, of absolute accuracy.

It will be seen, therefore, that the old formula is quite
inaccurate in regard to the protein content which, hav¬
ing to do with the curd, should be the most accurate,
especially when we are dealing with infants having
digestive disturbances.

In speaking of proteins Holt1 says:
'the modification of proteids is the most important change

necessary in cow's milk, for it is the proteids which give most
of the troiilile lo (he infant's digestion. . . It is not enough
to reduce the proteids to the average present in woman's milk,
i. c. 1.5 per cent. During the early months the percentage
should he less than this. . . T believe the secret, of success

in feeding cow's milk is to begin with the proteids so low as
not to disturb the infant's digestion, and then slowly, but
steadily, raise the quantity. . . Except to start with too
high proteids, no more common mistake is made than to con¬
tinue long with too low proteids. Anemia, malnutrition, and,
I helicve, not infrequently scurvy, are seen as a consequence of
this practice. The gradual increase is therefore just as import¬
ant as the low beginning.

In the table I have not considered diluents, for it is
evident that after ascertaining the amounts of milk,
cream and milk-sugar necessary for a certain amount of
a given mixtuie, a sufficient quantity of water or other

Downloaded From: http://jama.jamanetwork.com/ by a New York University User  on 05/28/2015



diluent is added to the milk, cream and sugar to make
the required amount. If lime-water is to be used, 5 or
10 per cent., as desired, is added before adding the dil¬
uent.

If barley water or other cereal water is used, as rec¬
ommended by many to assist in breaking up the curd,
il. too, may lie added in the quantity destreil before add¬
ing the water. Since barley water contains of fat 0.05
per eenl.. carbohydrates 1.68 per cent, and proteins H.till
per cent., (Holt), when it alone is used as the diluent,
a reduction should lie made in the carbohydrate per cent,
of the formula; e. g., if a 3-6-1 mixture is desired the
ingredients of a 3-5-1 mixture should be used, the per¬
centage of the carbohydrates being subsequently raised

sugar necessary to make up the mixtures were actually
given in the table, the decimal point would be two
spaces to the right of what it now is.

As the table is, the amounts of milk, cream and milk
sugar in a certain amount of any mixture are found by
multiplying that amount by the figures opposite the
mixture in the table, for example, suppose we desire 36
ounces of a 3-0-1 mixture. We lind Ihaf the three num¬
bers in the table opposite 3.00-6.00-1.00 are 0.148, 0.150
and 0.047. By multiplying 36 by 0.148 we have the
amount of milk, multiplying by 0.15 we have the amount
of cream and by 0.047 the amount of milk sugar in
ounces. Or suppose we desire 850 gm. of a :>-li-l mix¬
ture. By multiplying 850 by 0.148 we have the amount

SCHEDULE FOR AN AVERAGE HEALTHS INFANT, SHOWING PERCENTAGES OF FAT, SUGAR AND PROTEIDS,
AND THE QUANTITIES

Quant i I.v
-Percentages of- for »one feeding, No. feedings In Interval

Arc. Fut. Sugar. Proteids. Ounces. Grams. 24 hours. by day.
Premature infants. l.oi) 4:00 0.M Vi- % T'22 12-18 1-1V-, hours
First to fourth daj. 1.00 r>.oo 0.80 1 -l'A íií>—I fi 6-10 2-4
lililí to seveiiili day. 1.50 ."».on 0.50 1

-

2 80-60 10 2
Second week. 2.00 6.00 0.80 2 -!>'/, C>0-7.r> 10 2
'I'll¡ni week. 2.50 6.00 0.80 2

-

:{% (»0-110 in 2
Fourth to eighth week. :t.iiu 6.00 1.00 2V-.- 4 78-125 8 2%
Third month. 8.(10 6,00 1.25 8

-

~> 00-155 8 2Ü "

Fourth month. 8.B0 7.()() 1.50 8%- 5% 110-170 • 7 .'!
Fifth month. 3.on 7.on 1.76 4 -0 125-185 7 8
Sixth to tenth month. -l.ou 7.no 2.00 5 -8 155-250 (i 3 "

»Eleventh month
.

4.00 5.00 2.50 6 -0 185-280 5 4
Twelfth month. 4.00 5.00 8.00 7

-

¡) 22()-l'»sii 6 4 "

Thirteenth month. 4.00 4.50 8.B0 7 -10 220-310 5 4 "

by the addition'óf the barley water. The same point
must be observed when adding the various dextrinizing
powders to the milk mixtures. The dextrinizing process
raises the sugar content about 2 per cent., so if a 3-0-1
mixture were desired, the ingredients of a 3-4-1 mixture
nie dextrinized.

In the modification of cow's milk by any formula it is
essential to know the composition of the milk and cream
used and while it is true that average herd milk is usu¬

ally I percent, and gravity cream is usually 16 per cent.
it is advisable to make the simple fat estimations with
the Babcock centrifuge from time to time, for if the
fat percentage is correct, the amounts of the other
ingredients will also be correct.

Holt3 recommends the accompanying schedule for an

 average healthy infant, showing percentages of fat,
sugar, and proteins, and the quantities.

It will be seen by this schedule how important it is to
have great accuracy in respect to the proteins.

A \'ow of the mixtures from the table calculated by the
formula which 1 have described appear below.- If the
per cent, or parts per hundred of milk, cream and milk

2. The following list of mixtures bus been selected trom a vets
ciiihoi'iiio table inciiultiiK over 4ui) mixtures, which i have calen
ii'i'-il by the formula described above, and is given here to convoy
soille ¡,i,»:i nf Hie ebni'.'K'lor Hi' 111»' eolll|»lel e lllble vvlllcb will be pub¬lished with the reprint of ibis article :

-Mixture.—-
Fat. Carbohydrate. Protein.
0-50 4.00 0.25
0.75 i.i m 0.25
1.00 I.ou 0.25
1.00 5.00 0.80
1.50 5.00 0»50
2.00 il.no 0.60
2.en (l.oo 0.80
3-00 6.00 1.00
8.00 (¡.on 1.25
B.25 6.00 1.25
8.50 6.00 1.25
3.50 7.1)0 1.50
8.50 7.011 1.76
4.00 7.no 2.00
'I.on 5.00 2..10
*.00 .-..on 8.00
4.00 4.50 8.50
íi-OO 7.00 3.50

Milk. Cream. Sugar.
.055 .mí .088
.(137 .087 .086
,018 .057 .036
.087 .058 .046
.071 .07.-, .048
.074 .107 .062
.111 .12!) ,049
.IIS ,150 .047
.2 10 .127 .044
.208 .167 .044
.222 .117 .nil
.286 in .051
.888 .12(1 .017
.444 .189 .'HI
.c:!o .oi)2 .018
„sir, .046 .nil

Linio ,000 .uno
.020 -080 .025

of milk, by 0.15 the amount of cream and by 0.047 the
amount of milk-sugar in grants.

One-half the quantity of cane-sugar may, of course,
be used in the place of milk-sugar.

1705 North Front Street.

THE RADICAL CURE OF MALARIA; ITS IM-
PORTANCE AND HOW IT IS

ATTAINED *

SEALE HARRIS, M.D.
Professor of Practice of Medicine and Clinical Medicine, University

of Alabama ; Visiting Physician, City Hospital
MOBILE, ALA.

Science has almost solved the problem of malaria in
all its phases; but, despite our almost complete knowl-
edge of the life-history of the malarial parasite both in
man and in the mosquito, despite our familiarity with
all the manifestations of the disease, and despite the fact
that every physician knows that it is easily prevented
and ordinarily yields to treatment, malaria, though
decreasing in severity and frequency, continues as one of
the most prevalent diseases in many localities of the
United States, in some places its mortality rate amount-
ing to 25 per cent. of the total number of deaths.1

According to the statistics obtained from the last
census, the number of deaths from malaria in the United
States in the year 1900 was 14,909. The following states
showed the greatest mortality: Arkansas leading with
1,730; then Texas, with 1,331; Alabama, 1,055; Louisi-
ana, 1,030; Georgia, 1,011; Tennessee, 987; Missouri,
965; Mississippi, 938; South Carolina, 749; North Car-
olina, 527; Illinois, 497; Virginia, 409; Indiana, 340;
and New York, 308.2 These statistics are of question-

* Read in the Section on Practice of Medicine of the American
Medical Association, at the Sixty-first Annual Session, held at St.
Louis, June, 1910.

1. Sutherland, H. L. : Gulf States Jour. Med. and Surg. and
Jour. Southern Med. Assn., February, 1910.

2. Twelfth Census of the United States, Vital Statistics, 1900,
i and ii.
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